ABSTRACT: Fungal ability in production of pigments and organic acids have crucial role in discoloration and degradation of different types of stone in cultural heritage objects. Additionally, stone objects may support novel communities of microorganisms that are active in biodeterioration process. This investigation focuses on mycological analyses of microbial biofilm from two important buildings, made of granite and sandstone, and which were heavily colonized by fungi. The 23 fungal taxa including filamentous microfungi and yeasts with specific distribution on sandstone and granite substrate were isolated. Melanized fungi from Dematiaceae (Deuteromycotina) were dominant. The identified microfungi cause discoloration, as well as mechanical exfoliation of building stone material that was analyzed through mechanical hyphae penetration and production of dark pigments and organic acids.
INTRODUCTION
Numerous factors affect the stone durability. Stone surfaces are continuously exposed to physical, chemical and biological degradation. Physical, chemical, and biological agents act in co-association, ranging from synergistic to antagonistic, to the deterioration. Among biological agents miroorganisms have critical importance, in stone deterioration. They can cause various damages on the stone surface, such as: formation of biofilm, chemical reactions with substrate, physical penetration into the substrate as well as pigments production. Numerous studies have been dealing with establishing the role of biological agents in the stone deterioration (P o c h o n and J a t o n, 1968; M a y et al., 1993; B o c k and S a n d, 1993).
During the recent decades there has been a general concern about the deterioration of historic buildings. Along with chemical and physical factors, microbial growth plays an important role in this process (S u i h k o et al., 2007) . Microbial colonization of stones depends on environmental factors such as water availability, pH, climatic exposure, nutrient sources, and petrologic parameters such as mineral composition, type of cement, as well as porosity and permeability of rock material (W a r s c h e i d and B r a a m s, 2000). The stone ecosystem is subject to harsh environmental changes, especially temperature and moisture, exerting extreme selective pressure on any developing microbial community (M a y, 2003) . Bioreceptivity of stone depends on its structure and chemical composition, while the intensity of microbial contamination is determined by the climatic conditions and anthropogenic eutrophication of the atmosphere (P r i t o and S i l v a, 2005). Biofilm formation on clean surfaces usually starts with phototrophic organisms (algae, cyanobacteria) which use CO 2 from the atmosphere as their carbon source and sunlight as their energy source. Heterotrophic organisms (most bacteria and all fungi) need some organic source for their growth, which is provided by metabolites of phototrophic organisms or by air-borne deposition. It has been shown that very low nutrient requirements of some rock inhabiting heterotrophic microorganisms may be fulfilled by remains of polluted air and rain or animal remains and secretion (S u i h k o et al., 2007) .
The aim of this work was to study the microfungi community on biodeteriorated stone samples originating from two historical buildings by using cultivation and microscope observations in order to evaluate the potential damage caused by fungal species.
MATERIAL AND METHODS

Sampling
Samples of stone were collected from two localities: "Monument of the Unknown Hero" (Avala Mountain near Belgrade) and "Brankov most" (Sava river, Belgrade), and two types of stone: granite and sandstone. After a careful observation visible alterations and degradation were mapped and after that the samples were taken. Granite and sandstone samples were taken for mycological analyses by swabbing surfaces with sterile cotton swabs. The samples were then stored at 4°C.
Cultural media and inoculations
Swab samples were diluted in 10 ml sterile distillated water and shaken mechanically for 10 minutes. Malt-streptomycin-agar (MSA) medium (MA according to B o o t (1971), with 500 mg streptomycin per liter) was inoculated with 1 ml of the resulting suspensions. Each sample was repeated in triplicate. The plates were incubated at 24°C in thermostat. Isolation of the formed colonies was done successively, using standard mycological medium (Malt extract agar, Potato-dextrose agar and Czapek's solution agar). All the cultures were grown 7 days in thermostat at 24°C. Macroscopic and microscopic characteristics of the obtained isolates were examined. Identification of fungi was based on the macroscopic features of colonies grown on agar plates, and the micro-morphology of the reproductive structures was identified identification keys ( A r x, 1974; E l l i s and E l l i s, 1997; P i t t, 1979; R a p p e r and F e nn e l, 1965).
RESULTS AND DISCUSION
23 fungal taxa were identified analyzed samples from all (Table 1 ). The fungal species from both granite and sandstone substrata were Alternaria sp. 1, Alternaria sp. 2, Cladosporium cladosporioides, C. sphaerospermum, Epicoccum purpurascens, Fusarium sp., Mycelia sterilia (melanised), Mycelia sterilia (non-melanised) and one yeast taxa. Species occurring on granite substrata only were Alternaria sp. 3, Aspergillus flavus, Aspergillus nidulans, Cunninghamela echinulata, Drechlera dematoidea, some species from Moniliales order and Mucor sp. (Figs. 1 and 2 ). On the other hand, sandstone surface biofilm includes some species not present on granite: Aureobasidium pullulans var. Biological infections and the intensity of biodeterioration processes are strongly influenced by water availability. This is determined by material-specific parameters, like porosity and permeability, environmental conditions of the site and exposure of the object (W a r s c h e i d and B r a a m s, 2000) . The establishment of fungi on rocks is possible even without the pioneering participation of phototrophic organisms. Fungi are especially concentrated in stone crusts. They are able to penetrate into the rock material by hyphal growth and biocorrosive activity, due to excretion of organic acids or by oxidation of mineral-forming cations, preferably iron and manganese. Their deterioration activities also include discoloration of stone surface, due to the excretion of melanin by dematiaceus fungi (W a r s c h e i d and B r a a m s, 2000) .
Recently, it has been apparent that fungi comprise a significant component of microbiota in a wide range of rocks including sandstone, granite, limestone, marble and gypsum ( In the Earth's lithosphere, fungi are of fundamental importance as decomposer organisms, being ubiquitous in subaerial and subsoil environments. The ability of fungi to interact with minerals, metals, metalloids and organic compounds through biomechanical and biochemical processes, makes them ideally suited as biological weathering agents of rock and building stone. Biological and mycological investigations are very important part of good conservation and cannot be ignored in modern conservation concept which includes close collaboration between art and science. Sposobnost gqiva da interreaguju sa mineralima, metalima i organskim materijama åini ih idealnim agensima koji putem mehaniåkih i biohemijskih procesa deluju degradirajuãe na stene i graðevinski kamen. Pigmenti i organske kiseline, koje produkuju gqive, imaju esencijalnu ulogu u diskoloraciji i degradaciji razliåitih tipova kamena kulturno-istorijskih objekata. Ova istraÿivawa obuhvataju mikološku analizu biofilma poreklom sa dva istorijska objekta u Beogradu: Spomenika neznanom junaku na Avali i Brankovog mosta na Savi. Izolovano je ukupno 23 taksona filamentoznih gqiva, sa dominacijom melanizovanih mikromiceta (Alternaria spp., Aureobasidium pululans var. melanigerum, Cladosporium cladosporioides, C. sphaerospermum, Drechlera dematoidea, Epicoccum purpurascens., Phoma sp.) i specifiånim rasporedom na granitnom supstratu i kamenu pešåaru koji su istraÿivani. Mikološka analiza biofilma sa površine graðevinskog kamena je vaÿna karika u sprovoðewu dobre konzervacije i ne moÿe biti izostavqena u savremenom konceptu konzervacije koji ukquåuje tesnu saradwu izmeðu konzervatora i mikrobiologa.
